In this work we present a new way to mask the data in a one-user communication system when direct sequence -code division multiple access (DS-CDMA) techniques are used. The code is generated by a digital chaotic generator, originally proposed by us and previously reported for a chaos cryptographic system. It is demonstrated that if the user's data signal is encoded with a bipolar phase-shift keying (BPSK) technique, usual in DS-CDMA, it can be easily recovered from a time-frequency domain representation. To avoid this situation, a new system is presented in which a previous dispersive stage is applied to the data signal. A time-frequency domain analysis is performed, and the devices required at the transmitter and receiver end, both user-independent, are presented for the optical domain.
INTRODUCTION
Many investigations on spread-spectrum (SS) communications for wireless personal and computer networks have addressed code-division multiple access (CDMA) systems using a direct-sequence (DS) approach, where all users transmit on the same band at the same time, and are only distinguished by means of a code signature. These systems feature four merit factors, namely multipath robustness, potentially high system capacity in terms of number of users, soft degradation of performance and easiness of resource allocation. The code signature is determined by the direct sequence applied, there being different techniques whereby a sequence can be obtained. In section 2 the code generator used will be explained. It. basically consists of a digital chaos generator that produces a chaos sequence.
Chaotic signals have been applied to secure communications for some time, and several schemes have been proposed with different types of chaos generators. These communications systems require an identical chaos generator at the emitter and at the receiver with synchronization between both chaotic generators. The most usual configurations are based on the work of Pecora and Carroll (1), who first demonstrated a technique to synchronize two analog chaos generators.
In section 3 the purpose of this paper will be presented. A time-frequency analysis will show that, with only one user transmitting at a given time, the data information can be easily retrieved from a timefrequency distribution even for signals encoded with an unknown chaotic code. Conversely, when more users are transmitted, the system configuration is that of a CDMA system, and communication can only be established if the code applied to a certain user is previously known by both the emitter and the target receiver..
Even though ideas can be transferred between transmission frequency bands, specific approaches have to be considered when optical signals are involved. All our work has been conceived in the optical domain and CDMA has been studied from the point of view of optical networking and computing (2). In section 4 we describe a new way to encode the information signal in two steps. In the first step, we add the phase information to the initial signal with a linear photonic device. This signal is later modulated, in the second step, with a chaotic signal. The chaotic signal is obtained from a photonic generator based on an Optically Programmable Logic Cell (OPLC), previously reported by us for application in optical computing (3). Unlike other optical chaos generators, where the generated chaotic signal is analog and needs to be sampled, this cell can provide a digital signal without any additional operation. The time series generated by the OPLC has been characterized as chaotic through several techniques and has also been applied in areas like finance (4). The involved signals are analyzed by means of time-frequency distributions (5), which show that it is not possible to obtain the data in a first approach. 
CODE GENERATOR
Many authors have shown that chaotic spreading sequences can be used as an inexpensive alternative to linear feedback shift register (LFSR) sequences such as maximal-length sequences (m-sequences) or Gold sequences. Unlike m-sequences, the numbers and lengths of chaotic sequences are not restricted. Simulation-based comparisons between Gold sequences and the chaotic sequences generated from chaotic time series obtained from coupled map lattices and the two-dimensional complex valued chaotic Ikeda map have been reported for a synchronous DS/SS system (6). Analytical results for the applicability of chaotic sequences in the chaotic time series based communication systems are available in the literature and their noise-like characteristics have been explained. The performance of chaotic sequences in multiple access communication is well known to be similar to that of pseudo-noise (PN) sequences, but the former sequences outperform the latter in low probability of intercept (LPI) (7).
The system proposed here uses a digital chaos generator already reported by us in (8) . The basic idea of the digital chaotic-code generator is shown in Fig. 1 . A dynamical system with an external feedback is responsible for generating chaos. However, to obtain a chaotic behavior, the external delay must be chosen in terms of the internal delay (9) . The OPLC is a general-purpose logic cell that allows obtaining all the Boolean Logic functions. Because it works in the optical domain it makes it easy to implement an external binary signal and an internal multilevel process. I 1 , I 2 are digital data signals and the h input is a CW signal with 3 different values. These three parameters can be used as a secret key. Although the internal design has other parameters that could be used for generating the key, they will not be mentioned here as this is not the objective of the paper. Finally, output signals O 1 and O 2 are digital. The chaotic data is mainly obtained at output O 1 and it can be generated for as long as it is needed. The internal multilevel process in the OPLC is due to the addition of the input signals. Two devices are dedicated to process the signal. Device Q is based on a bistable device already demonstrated with semiconductor laser amplifiers (SLA), and device P is made of two SLAs biased to work as bistable devices (10) . As shown in Fig.1 the input signal to device Q equals the sum of the data signal plus the socalled control signal of device Q: I 1 + I 2 + h ; in the case of device P a fourth signal (the device-Q output, O 2 ) is added, with the input signal to device P being given by I 1 + I 2 + g + O 2 . The feedback signal O 1 is applied to the control input g of device P.
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The output signal is then equal, or proportional, to the data input at the transmitter. In this respect, we must assess whether the product of the codes must be a constant, so that the output is proportional to the input, or unity, so that the output equals the input. In either case, the necessary condition is that the codes product must be a constant.
In order to understand what is happening at each point in the system, it is convenient to draw on timefrequency representations. In all the diagrams, the signals are represented in base band, that is, by means of their envelope in the temporal domain and their central frequency scaled to zero in the spectral domain. This is so because it is not necessary to make reference to the carrier frequency modulated by the signals.
If the carrier frequency should be taken into account, a translation on the spectral axis would have to be done. Figure 5 shows the signals at the transmitter: signal x(t) is formed by three pulses with a Gaussian envelope, being its time-frequency representation in the upper left diagram; the code signal, C T (t), is a binary chaotic sequence of null mean value, which, as can be seen on its time-frequency representation on the upper right-hand side, is uniformly distributed in the time-frequency space; finally, in the bottom graph, the spectrum of the signal to be transmitted, y(t), is spread with respect to that of the data signal x(t) due to the modulation. If the impulse response of the channel can be modeled by a simple delay t p , the chaotic signal in the receiver must be treated in such a way that it incorporates this delay related to the chaotic signal at the transmitter. The product of the codes is then given by . 
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